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HISTORICAL BRIEFING — 
. USAF R&D ORGANIZATION, 1960-1962 \: 


"Though its Ballistic misetie program had been eminent ly en oR 


oe ce F successful, the Air Force through the 1950's continued to wrestle 





| with the vital problem of. promptly exploiting scientific and | ke - | 
is technological advances so as to create superior weapons systems — 
as rapidly as possible. To speed up the process, new doctrines of . 
| weapon acquisition had been adopted in the "50s. One of the more ae : 
far-reaching of these was known as "concurrency, ae concept that | ~ F 
— 7provided for developing ali aspects of a weapon systen simultane 
———— ously, including research and Cevelopuent, Procurenent, testing, . 
production, logistics and ane systems, and ground equipment | 
and installations, : a | 
Air Force organization had not kept pace with these new 
: eo ; oo acquisition techniques, however, The result was that as. tine 
: ' passed the adherence to the concurrency doctrine led to a blurring 
: ia _', Of the boundaries between ARDC' g responsibilities for perenrce and 
ae : development and AMC's for Procurement and production. 
7 “ — J In May 1959, therefore, General Curtis E. LeMay, the Air . 


~~ 
— — — — bs 


Force Vice Chief of Staff, formed « + Weapon Systems — Group to ee oo 


bd —— — 
— — ay a at ee — ae | 








review acquisition policies and procedures and determine an Air 
Force structure best suited to ‘rapidly obtatning complex missile | 
and space age weapon systems in the current environment. — Included | | 
in the study sroup vere several high-ranking copmanders and members 

of the Air State, Aine luding General S, BE, Anderson (chairman), anc 5 a 
Commander, General Schriever, ARDG Commander, and Canara Nar E. 


‘Bradley, USAF DCS/Materiel, | 


The eventual result of the group's studies and deliberations 


was the presentation of three Proposals to the Air Force Chief and | 


Vice Chief of Staff, Generals White and ‘LeMay, on 2 June 1960. A 


J bea 
— —⸗ weer — we eevee, —— — —— veins — — m=. 


plan proposed by. General Anderson called for a recombining of AMC ‘ 


and ARDC into a single Command. One proposed by General ‘Schriaver 


‘called for the retention of two separate Commands but a reorgan- 


’ ization that would expand ARDC - responsibilities to include procure- 
i ment, testing, and Production of major weapon systems, _A third plan, 


proposed by General Bradley, called for no organizational changes 
but for improving the “acquisition systems nn changes in policy 
and procedures, | 

| General White rejected — Anderson and — proposals | 
in favor of . the Bradley plan, modified to include other possible 
steps “short of major reorgenication," The study group thereupon 
Set to work developing « concrete proposals. along the lines suggested 


by General White, The Stroup’ s final report was ‘submitted to General 


7 LeMay on 26 August, and by 1 September Air Force headquarters was 


in che process of tmp lementing several of the study group’ s recom- 


mendations for changes in _—" and ———— 
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Meanwhile, General Schriever \ was 8 becoming increasingly concerned 


Over the Air Force. space program, Soviet. Progress in producing space ; | 


: boosters and satellites had persuaded Schriever that =e ue S. space 


program in 1960 was in a position sinilar to that of the missile — 


Program in 195he0in dire need of 4 maxinun, Concentrated, and 


Coordinated effort to enable the U. s. to match and exceed the 


F Capabilities of the Russians, 


_ In the fall of 1960, the R&D effort for Air Force space Projects - FF 


"was the responsibility of aRnc', Air Force Ballistic Missile Division 

| (AFBMD) in Los Angeles. AFBMD's most urgent mission in 1960, — : 
wie to work with AMC's Collocated ‘Ballistic Missiles Center (BMC): to. : 

7 bring to operational — an intercontinental ballistic missile F F iene 


- force. In the fall of 1960: this program was @*pproaching quantity 


Production and deployment status, and new responsibilities for ae, 
activation, installation, and checkout were being assigned to the | 
Complex, Added to this sharp rise in ballistic alssile activity was - 


ees ‘an expatision of” the™ inéredstng I~ important Space program, | | 


The result as General Schriever Saw it was thac two national = — 


Programs--ballistic missiles and space--vere, competing for management ey 


; i attention and resources within a single R&D Organization, This led 


to serious organizational Censions that were aggravated further by 


a — of working Space, The overall reaulc, Schriever said, — : : 


as that the Anx / Be —— was losing its ) earlier cohesiveness 


On 23 Septendex 1960 General Schriever communicated this concera, 
‘particularly his concern for the space program » to General White, 
Stating that the Aix Force was. the major contributor to the nation's 
" apace effort, he pointed out that the service nonetheless had no | 
well-defined space program » and no nationally recognized operating 
agency oriented toward the exploitation of space technology (partly, 
Schriever knew, because the Secretary of Defense had not yet assigned © 


the space mission to a specific service). mass dafictencies wenexed 


; J Schriever described ag pricias one of the most pressing problems . — 


facing | the Air Force, and one that had to be solved soon. | ; 
) As a partial solution, Schriever recommended the movement ef . 
| “the ballistic missile operation, to Norton AFB. The site activation = 


activities should be moved immediately, he. said, and the current 


| 7 | ballistic missile Programs should be moved on a phased basis as they | 


‘Proceeded into advanced development stages (and were thus freed from — 


the need for the .Slose technological support available only in Los A ae 
: Angeles). The Inglewood complex would then become —R with, - | 
and the focal point for, the Air Force space program, _ | 7 
When General White replied on 10 October 1960 he substantially 
agreed with General Schriever' § position. He approved ‘the inmediate 
move to Norton of the site activation activity, and the move of the | 
At las, Titan » and Minuteman offices as — progressed into the final 
stages of developmen. He also approved the concentration of the 
Space activity in Los. Angeles, | — 3 | 
| Meanwhile » General Schriever had | not ———— his conviction 


thae the. currence weapon systens scquisition environment demanded « 


% 


Ps ‘stration, —That- Same~ Ronth Mr Gilpatric told General White chat the * 


" J Air Force Could have ite long-sought Space mission provided the | a 


a broadening of ARDC's Scope to include procurenent, testing, and | 
production responsibilities for major systems, And » Chough rejected 
by General White, General Schriever’ | proposals had found receptive 
listeners elsevhere in the Sovernment /industrial Complex, ‘Among 
those convinced of Schriever’ 7 correctness was Mr, Roswell L. Gile 


ae | 


patric, —— of the Board of the newly-formed — 


— Corporation, 


When the Kennedy Administration assumed Power in January 1961, J 
Mr, Gilpatric became Deputy Secretary of Defense in the new adminie 


; 


‘ “3 : 
service adopt a reorganization plan based on the proposal made. 
: os earlier by Schriever, General White agreed to do so, 


Schriever thereupon formed & task force to draft & reorgan- 


{zation plan that would be acceptable to higher echelons, — Chairman " 


7 — of the task force, “pparently at General White’ s suggestion, was 


Major General Howell M, Estes, Jr, who was ‘then Assistant DCs/ 


; o . Operations in Air Force headquarters, A pian was ‘quickly formulated, 


approved by Generals Schriever and White and Secretary of the Air 


_ Force Zuckert , then coordinated with the Army because of: its Corps . 
ane : of Engineers’ involvement in missile site activation. | the proposed 
a | reorganization was then | Presented to Defense Secretary Robert 8. 


McNamara, | 


On 6 March 1961 Secretary —E assigned to the Air Force 


— — — — 


sole — for the development of military Space prograns, 


6 


and on 17 March announced the . Air Force reorganization , which would 

oa place on 1 April 1861. “Three new commands would be formed from 

: : | ARDC. and AMC=-A¥IC ; AFSC, and the Office of Aerospace Research, Three 
_ , AMC Centers--Ballistic Missiles Center, Aeronautical Systens Center, | 
; - a and Electronic Systens ‘Center--vere taken over by AFSC and combined - 

7 _ with the former Ballistic Missile Division, Weight Air Development | 

| Division, and Command and Control. Development Division. out of ne 
combined APEMD/ mc organization in Los Angeles was created a Space 


Systems Division and Ballistic Systeme Division, ; Over these two 





divisions was placed a Los Angeles located Deputy Commander (AFSC) . 
for Aerospace Systema, Commanded by General Estes, who gained hie 
third star from the assignuent, the DCAS organization was a temporary | 
expedient designed to provide on-the-spot decisions and insure . 
| oe : . management responsiveness while it was supervising the creation of 
| tre SSD and BSD out of BMC/AP ED. ue 
7 Fs = : Meanwhile, * phased Move to Norton. of — of the balliscic® 
hes . 2 — Complex was proceeding about on schedule, By early 1961, 2 
| activation ctivities plus most of the Atlas. office had moved, | 
Some edjusting ¢ took Place after the reorganization of 1 April 
— a : ae 1961, and @ new plan was. presented to Air rore⸗ headquarters: on 22 | 
| 7 | May 1961, This plan ‘proposed a Sradual. move of all BSD elements to. 
Norton, with key ballistic missile Program offices remaining in Los 
aa ' Angeles only until their projects passed beyond their greatest 
an dependence on the techaical competence dvailable only ia the Los 
Angeles area, According to this schedule, the Titan I office would 
i s move by fall 1961, the Titan II — by ew 1962, and a 


Minuteman office by July 1963, 7 | | | 
Secretary Zuckert &pprovdd this plan on 8 June 1961, but asked 
that a ‘pecial effort be made to advance che Titan Iz and Minuteman 


ae ® : : : 
. Movement dates, “By late sumer 1961, the Atlas and Titan I Program — 


offices, the site activation establishment, and some BSD state support: 


| agencies were in place at Norton, 


This was not only contrary to General Schriever' ® view but also was 


pasicaliy in Conflict with the-idea of moving BSD to Norton, since 


BSD's move would make a retention of the DCAS structure highly | 


ra 


7 | ‘unlikely, Secondly, a new movement plan Published in October 1961 
—3— considerably Stretched our the Zuckert~approved plan, calling for 


the move of various headquarters elemente and the Titan ry SPO in 


J— July 1963 instead of December 1962 or earlier. And this tater plan | 


Los Angeles complex in the fall Of 1961 was presenting General 


Schriever with @ manpover dilenma as well, Schriever had committed 
hinsel¢ {to saving a considerable number of manpower Spaces through — 


the reorganization of April 1961. These manpower Savings had not 
materialized, | J 
These several difficulcies Prompted General Schriever in 


— 


— —.. 


a 


- 


November 1961 to direct an ——— and survey of the Dos organ« 
ization to evaluate the effectiveness Of DCAS' use of manpower in 


carrying out its mission responsibilities, The team | was to recommend 


organizational changes or new procedures “that might lead to a more - 


“effective and economical operation in Tos Angeles, 4 

Led by Brigadier General William E. Leonhard, a member of the 
_ AFSC Staff, the inspection team carried out its survey between 13 | 
Novenber and 9 December 1961, It found — Serious deficiencies in . 
the organization — both efficiency and manpower standpoiate, 


Foremost was the fact that the DCAS element was not functioning | 


as intended, ‘The DCAS himself had been given directive authority 
over BSD and SSD, but the DCAS staff was Supposed to act only in an 


advisory capacity to the DCAS, not as an operating element interposing 7 : 
| itsel¢ between the two divisions and AFSC headquarters, Contrary to 
‘this ‘atention, hovever, the DCAS Staff had established itself as a 


complete Operating staff at e command level one echelon, higher than 
the two divisions. In this capacity tt was issuing instructions to 


Programs being managed by eps: The net effect was te insert an 


, unnecessary additional coumand — between AFSC headquarters and - | 
the two divisions, & procedure that lengthened and Complicated communi« . 


cations ae delayed the decision process for vital programs, 
The Leonhard team algo found that manpower was being wasted 
because of duplication of staff ‘Support functions, Deas through a: 


. 2 NS 9 Osa — — ert ap 


the division — requiring reports of them, and reviewing specific — : . 


— te 


directly, he had to — ie through the DCAS, For this and perhaps 
other reasons, each division took to creating within its own organie | 
zation. staff Support elements chat essentially duplicated those. _ 
J , maintained for them by DCAS ,* — | J 


— F unfortunate but unavoidable Seographical dispersion of elements | 
_ within the Los Angeles ‘complex caused by a shortage of facilities. 
: —— — And more wanpower was wasted. by the splitting of | the BSD operation 
“he, wae. between Los Angeles and Norton, “The team pointed out that operations 
became costly and extremely inefficient when progran offices were 


separated from their division headquarters, “8 was the case with. the — 


— .. 4tles and Titan 1 SPOs. The team also found, hovever, that a SPO | 
= Should not be separated too Soon from its Source of technical support, — 
such as st or Aerospace Corp, A general rule out lined by the team , 2 
was that 4 SPO needed particularly to be near its technical Support : 
* - . . - during thOear i stages of & atystem's B&D cycle, and near its | 
‘oe division headquarters — the later Stages, J | 
| Manpower was also being wasted, the Leonhard — said, through | J 
a Cendency within the DCAS organization to Overmanage, through an | 
inflexibility within the organization that led a offices being | 
| retained past their periods Of usefulness, and through higher heade F 
quarters indecisiveness, a Problem contributed. to by the interposition J 
of an additional state element between the two divisions and AFSC, 
‘The Leonhard Seam made the following key recommendations: 
i. That the DCAS element de eliminated, | | 
2. That asp and ssp be elevated te true division status, 
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5+ That the central stast support, Operation be rescindeg 


except for nonemission housekeeping, administration, and some ‘ 
comptroller functions, which could be: assigned to an SSD. base 
Support wing for collocated elements of the two divisions, 


4. That the DCAS staff ‘plus its extensions in ‘the Support re 


wing be reassigned to the &ppropriate divisions SO a8 to make the 


divisions autonomous in mission functions. : 


5. That the phased move of BSD to Norton be expedited in 


order to improve management and provide better utilization of manpower - 


resources, 6 possible, this was Co be done without @stablishing 
another R&D center at Norton ‘but also without depriving newer = 
programs of necessary technical Support. 


6. That Aerospace/STI, Personnel be Collocated as auch ag 


possible with their Air Force counterparts, | 


If the DCAS arrangement were retained, | however, and major ele- 
ments of BSD remained in los Angeles, the team recommended: 


1. That the DCAS Organization return to the Operational] 


* 


Concept originally established, with the DCAS himsel¢ having directive 
authority but with his Staff retaining an advisory Capacity Only, 


2. ‘That DCAS be linited to broad policy Suidance and 


. direction, with detailed Program management: responsibility assigned 


to the divisions. _ | a , — F — 
3. That the DCAS Staff be reduced. | ‘i | 4 


. 


“+ That spectal staff functions now in the divisions be | 


Centralized in the Support wing, | _ 
The Leonhard report “pparently put an end to Speculat ion that 


to 


e ; 
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to Norton back on — track, ‘Soon after the report's submission, 


a | July « and Septenber on 1 schedule, _ DCAS was dtscontimed sccordtagly 


General Estes began to phase — his Deas Operation, and by May | — 
1962 the two divisions had been of ficially given their ovn state 
support functions such as ) information, comptroller » and personnel, 
By June » BSD and SSD were completely *uConomous, a 
An AFSC) movement. order of 30 April 1962 directed that BSD 


cae complete its move to Norton betveen 1 May and 30 September 1962, 


on 10 October 1962, 
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INTRODUCTION a | 

+ ie. 1. Many different organisations have made. feasibility studies 
covering various types. of: satellites and space vehicles te be. used for 


| specific objectives. Estimates of development time schedules have been 


made by ————— authors for their pertioular prejects, While these 


studies are ‘important contributions to the overall knowledge in this 
area, ‘their value is directly related to the background of the author 

_ and the material available to him, As the situation stands today, we 
have a series of more or less isolated studies covering various facets 
of the entire field. No one has made an attempt to collate the results | 
| of these studies and to integrate these results into a correlated ourvey 


3 of all of the advanced systens that may come into being during the next 


20-year period. 


2. This paper makes Pree eee entire field of future 
ballistic missiles, satellites and Space vehicles ami points up the need | 
"for a detatled: survey. ‘The results of the various studies that have | 
been made have been considered in the light of our present. ballistic | 
missile and satellite programs, Estimates of the technical developments 
| that may be expected as logical extensions of our present ballistic | 
missile and satellite programs have been made. With this information in 
mind, cstinates of the development time schedules of all of the advanced 
systens expected during the next 20 years have been made. In addition, | 
comments, conslusions ’ and recomendations are made regarding required 








mauu —E Sateliites, and a Space Vehiolea 1956 to ise 


ation in connection with the applied research, researoh faat ities, and 
research management necessary, if these davelopnenta are to be — 
| and obtained at nintiman cost. 
— 3. A general discussion of the above points is snoluded in the 
following paragraphs. Detailed information and examples are. attached 
_ in the following Tabs: 
- Tab 4, in conjunction with — tie briefiy the 
current state-of-the-art 9 the repid strides. that have been made in the 
| past, and a discussion of the performance that appears technically | | 
feasible daring the next 20-year period, a 7 
| | be Tab B, in conjunetion with Figure 3» considers the types. of , 
eystens progression that ay logically develop from our present ballistic — 
missile and satellite programs during the 1956, to. 1976, period. 
| Ce Tab 6, in conjunction with Figure 1 discusses and estimates 
future development schedules for the aystens of Tan 2. I 
| d. Tab D covers examples of lag in the development of. applied 
research facilities. a A. : | J 
| 6. Tab E contains estinates of the applied researeh, — | 
facilities, and ‘development and test facilities considered necessary to 
support. fature ballistic — ———— end space vehicle programs. 
Bœss ION : ‘2. : 
ke In Tabs A, B antes tn attempt is made to present & rough idea 
of what might be expected during the next 20-year period. However, it 
must. be atrongly — — that ve developments and the associated 
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schedules are realistic only if adequate design information is available, — 
or applied research to obtain the information is underway prior to 

the start of the development program, It should be apparent from our 
brief look into the future in Tebs A, B, and C that a large amount of 
applied research is necessary to support these pregrams . Vigorous 
action mst be taken inmediately to insure that a well-thought-out 
program, properly euphasized with funds, personnel, and priority is 

- prepared, initiated 9 and properly monitored, 

| 5. Past Air Force research and development — indicates that 
the research progress in each technical area has lagged woefully far 
behind the requirenents of the aeronautical design engineer, Qne 
trouble seems to be that a development project or sys tem has to be 

| approved before the necessary supporting research oan be approyed and 
started, thus automatically delaying the project until the information 
is available. The alternative usually occurs, that is, proceeding with 
the project on the basis of available, though inadequate, data and then 
‘delaying later due to extensive modification and retrofit programs. The 

- research facilities necessary to obtain the design information have not 
kept up with requirements for ‘this information, It takes ‘time to obtain 
research facilities, and Air Force planners to date have not been | 
eminently successful in selling large research programs or research . 
facilities unless they could be identified with specific prcdectee 

| Scientiste' thinking has, in general, a far ahead of the technical 
facilities that have been provided. | 
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6. In instances where facilities have been started that were not 
related to specific projects or systems, there is usually 80 * lag 
in the development that the need is much less urgent by the time the 
facility is completed the difficulties having been solved by “trial and 
error” engineering. - Some examples of this are contained in Tab D. No 
criticiam is intended of the concept of AEDC or the High Temperatare 
Structural Testing Facility at WADC, but only of the delay in getting 
these facilities started. Another example closer at hand is our lack 
of adequate nose cone design information for our current ballistic 
missile programs. Data was needed at Mach 23.5, but we are battling 
against time now to obtain a variety of re-entry data at Mach 15, 


_ Shock tubes had to be constructed and a re-entry test vehicle progran 


initiated on a crash basis in order to obtain data. ‘In lieu of adequate 
data, & conservative nose cone design mst be utilised until full- 

Scale flights have confirmed that the design is too conservative, 
Perhaps the reason that it is difficult to get applied research projects 
and facilities started is that under the present systen, many people 

at many levels of managenent » have to be convinced that such research | 
is necessary or that the epproach is the "right way", It is inevitable 
that persons in this management Chain do not have the proper technical | 
background to have an appreciation for the requirement, Thus, a 
considerable amount of time is lost in overcoming this > initial — 
People do not readily . accept new ideas, Whittle, as an. example, had 
considerable trouble in advanoing his ideas for jet propulsion. 
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Consider the various pone through» which a project progresses prior to 
‘completion, e.g. 
a. Deteminatdon of feasibility. 
be Initiation of: project, 
(1) ‘Recheck of initial feasibility study. 
(2) Determination of requirenents. J 
(3) Availability of funds. 
(h) Selling program to higher authority. 
Ce Acquisition of design information. 
a. Design, engineering, construction, and test. | | 
One is forced to conelude on the basis of past experience that b and o | 
are the really long lead tine items. It is believed that the tine to. 
initiate a project oan be considerably shortened and the eoquisition of - 
design date oan be accomplished dn a more timely fashion if one ARDC 
"agency was given the mission of looking into the future and determining 
the applied research that is necessary to support future ———— 
missile, satellite, and space ‘vehicle programs. 
7. This review and evaluation of required applied research should 
be made considering the requirements of a future program in its entirety 
| rather than by considering individual proposals by themselves, ‘The 
obvious first step is to make some approximations as to the scope of 
| fatare systems programs. If we accept a program such as presented earlier 
as within the realm of possibility for the future, then we mst also 
accept the fact that @ considerable amount of f design infomation is 
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“required and certain types of applied research programs mst be started 
immediately. There are many areas of weaknesses where little or nothing 
is underway for support of future programs. Many different industrial, | 
research, and educational orgenizations have recognised some of the probe 
lems and have made studies and proposals. ‘Many ARDC centers and other - 
government agencies have studied various future problems = have nade 
recomendations. Many committees have been established to investigate” 

| various aspects of high speed and high temperature problens and have 

| nade recommendations. 

8. As a. remlt of reviewing many studies, reports, proposals, and 
recommendations » estimates can be made of certain types of research — 
must be accomplished in the immediate future, ani the types of research, 
development, and test facilities necessary to support future systems. 
This information is contained in Tab E. It should de pointed out that 

one looks farther and farther into the future 9 it becomes more and > 
more difficult to define the applied merearon necessary; bases we do 
not know what all of the pale will be until after initial space 
- programs are started. 

9. The scope of the effort required to identity systems programs | 
and supporting research for future ballistic missiles and space vehicles 
requires the attention of a special organisation within ARDC. This 
| responsibility should come under ‘the mission of the Space Center 
_ presently being studied by the Headquarters ARDC, "Ballistic Missiles | 
and Space Vehicle? Committee. However, it is highly unlikely that a 
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Space Center could be operational in time to be effective for improved 
ballistic missiles and satellites and perhaps not even in time for early 
work required in connection with a lanar test instrument carrier. There 
are many areas where work most be initiated immediately if we are to obtain 
timely design information for the fatare. 

10. It is recognised that the Office of Scientific Research has a 
mission of sponsoring basic and fundamental research in various fields of 
interest to the Air Poros. Some of this, of course, applies to the 
ballistic nissile and space vehicle fields, tut the activities of the 
Office of Scientific Research are not aimed at the solution of the 
rather specific areas of technical difficulties within a — that 
we have been talking about. 
| Jl. The present mission of WDD is to provide — ballistic 
missiles at the earliest possible date. In accomplishing this mission, 
WDD has been faced with a rather formidable set of technical probless. 
In solving these problens » WDD has been continually confronted with new 
and related problems whose solutions are not necessary to perform the 
immediate mission, but which do apply to ballistic missiles, » Satellites, 
and space vehicles of the future. Thus, by the very nature of its work, 
WDD is uniquely qualified to identify the requirements for future 
research. WDD is — ———— executing its responsibility for 
bringing two ICEM systems and an IREM system into existence on an 
unprecedented time schedule. This is being accomplished by a special 
management team of WID-R-W-EMO. By virtue of this experience, WDD is 
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uniquely qualified to organise, direct, and utilize the results of this 
basic research. | 
CONCIUS — | | | 

12. it is concluded that we will have improved ballistic missiles, 
improved satellites ’ ‘and various types of space vehicles within the 
foreseeable future, if applied research facilities of a suitable nature 
are provided with sufficient lead time. 

13. ‘It is concluded that the Air Force mst vigorously support 
. Various means of obtaining basic design information which will result in 
| design criteria. that will reduce the mumber of aerodynamic, dynamic, 
structural, guidance, and propulsion deficiencies that will ecour in the 
future missile, satellite, and and space vehicle programs. | 

Ube, Tt is concluded that some organisation within Headquarters 
ARDC mast be given the responsibility immediately to identify the future. 
requirements for applied research and research facilities needed to: 
support. the ballistic miseile, satellite, and space vehicle programs of 
the future. This responsibility should ultinately belong to the ARDC 
Space Centez but an interin agency. needs to be deciginted u until the 
- Space Center comes into being. | | 

25. It is concluded that WDD is in a unique position to identity 
these requirements for applied research and research facilities and to. 
initiate action as a logical extension of the present mission. . | 

16. It is further concluded that it is vitally important for the 
future of the Nation that adequate fonds, —— and aathority be 
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provided to support the responsibility outlined above. 


1 ‘ 
RECOMMENDATIONS 3 ra 
17. It is recommended that the mission of the Western Development yy | 
J Division fARDG be expanded to cover the following. These recommendations 8 x 
are considered an interim measure ani are to be phased into the 7 : 
— — of the ARDC Space Center when this Center becomes — a 
a. Make initial estimates of future ballistic missile, * d 
satellite, and space vehicle programs based on current experience, and — x | | 
other information available ‘from all sources, | | | i | : ; 
b. Contimously revise these estimates to keep the future ~y | 
programs apace with syotens ‘requirements and technical feasibility. | | — J 
e. Identity the areas of technological wealmesses and areas + — 
| where major break-throughs are required, a the i 
d. Define the objectives in the areas where applied research, = K 
research facilities, » and general development are re NR 


quired, 
ols OA inde * apt She Ste, eug P¢eleanids Prayotws 
Make cost estimates present ene to cover the 


above. 

| J: Initiate and supervise the properly identified and approved 
projects in support of the future Air Force ballistic — satellite, 

and space vehicle program. 


LAWRENCE D. ELY 

Colonel, USAF 

Asst for Technical Groups 
Technical Operations - woD 
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STATE-OF -THE-ART 
(Tab 4) 

1. First let us review very briefly what appears to be technically 
feasible during this period. In order to Allustrate the repid strides 
that are being taken in advancing the state-of-the-art and technical 
developments and what is possible for the fature, reference is made to 
Figure 1. Tais Figure is broken up into 3 areas; the first is for | 
surface to surface missiles, the next is for artificial earth satellites, 
and the last is for true space flight vehicles. Missile range, orbital 
altdtade, and distance from the earth is plotted against actual booster | 
burn-out velocities necessary to achieve these distances. It should be | 
noted that 3,000 ft/sec was a high projectile velocity in 19h3. 

7 19h6 to 1947, this had climbed to ,000-5,000 ft/sec. By early 1956, 
test missiles were achieving 6,000-7,000 ft/sec, and now we are in the 
range of 12,000-15,000 ft/sec with our re-entry test vehicle flights. 

| By 1958 to 1959, our ballistic missile velocities will be in the region 
of 23,500 ft/sec. It is apparent that big jumps are now being taken | 
in performance, and it is easy to see that the vehicles that are capable — 
of travelling great —— aver the surface of the earth do not | | 
require mich increase in booster burn-out velocity in order to reach a 
velocity that enables them to orbit arpund the earth as artificial a 
satellites. After one gets into this. area, relatively slight increases | 
in booster burn-out velocities enables one to set vehicles on orbital 
paths farther and farther: away from the carth, until finally the orbit is 
sufficiently large so that a trajectory oan be chosen that will intersect 


the orbit of other large celestial bodies » Such as the Moon, Vemms » or Mars, | 
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2. All of the booster burn-out velocities and corresponding distances | 
shown on Figure l are based on minimum energy trajectories. In order to 
get mich farther out inte space than Venus and Mars, it would require | 
excessively long periods of time on this basis, (See Figure 2,) How~ 
ever, before ‘his era is reached, it is expected that molear propulsion 
or other forms of power will be perfected that will permit other than 
minimum energy trajectories. The curve drawn through Mars illustrates 

| the changes in orbital flight time that are possible by using other than 
J — energy trajectories. ‘The present concept of molear power will 
‘probably not be the ultimate power solution. Some efficient system | 
utilising the principle of exhausting smali. masses at extrenely high 
velocity will probably came into being for’ other than minimum energy 
trajectories. Our initial efforts at true space flight during the 
20-year period beyond improved ballistic missiles and satellites should 
be concentrated on a means of traversing the distance to the Moon 
(240,000 miles). ‘This experience could then be utilised for the x next 
large jump to Mars or Vers (35,000,000 niles at closest point). 

J 3. Plans are already underway for. satellites for different purposes, | 
using hardware currently under development. The International Geophysical 
Year Satellite will utilise the Viking-erobee-solid propellant combina- 
tion, and the Advanced Reconnaisance System Satellite will utdlise the — 

SM 65 with an added stage replacing the SM 65 nose cone. ‘Studies have 
been made which indicate that it is feasible to get to the moon earrying 
test instruments and using propulsive and ‘guidance —— — e 
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under development. One promising stady by RAND proposes the SM 65B with 
| the advanced GE guidance systen, less nose cons, plus the second stage 
| Vanguard. It should also be noted that Soviet literature as reported 
by the Air pechnipal Intelligence Center is replete with instances of 
Soviet thinking on lunar and satellite vehicles. These range from | 
‘sotentific articles sponsored by the Academy ef Sciences to the science 
fiction variety, but — a high level of interest in various forms | 
of space travel, 
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ESTIMATES OF DEVELOFMENTS 
PRESENT BALLISTIC MISSILE PROGRAM 
Tab B : 


1. The logical development fall-outs that can be expested from our 
present ballistic missile and satellite programs are presented in 
ignore . | | 

a. Our present ballistic missile program emphasizes early 
‘operational capability rather than — design. Therefore, — 
improvements can be expected after flight experience ds accuma lated, 
These improvenents will be dictated by requirenents but may be quite 
. varied in nature. Missiles of greater range can be expected due to 
improvements in propulsive units, fuels, stracture, and warheads, 

| Greater accuracy can be expected due to improvements in the guidance 
and control system and inereased: knowledge of winds and other geophysical 
| aspects at launch and target. A variety of nose cones can be expected 
with varying perronsance objectives and with varying trade-offs between 
total nose cone weight, warhead weight, vulnerability, accuracy, 
‘heating, and impact velocity. There will aleo be similar trade-offs 
_ from the standpoint of the entire missile between. gross weight,‘ warhead 
weight, warhead yield, range acouracy, winerebility, prepulsive weight, 
and so forth. With the advent of molear Propulsion, major redesigns 
‘can be — | 7 | | 
db. During the evolution of military ballistic —— 3 atten- 

tion will be directed to the use of this means of transportation for 
other than warheads. Experimental mail will likely be considered first 
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Estimates of Developments from Present Ballistic Missile Program : 


due to weight linitations, and then perhaps military logistics for the 
transport of highly strategic materiel. Last to be considered will be 
air freight. rae attention will be. directed to the transportation 
of personnel as the first step in space travel. by Mane Entirely new 
sentigure tions will no doubt be developed with some consideration being 
given to glide missiles. Glide nissiles might also Re used for fly-over 


reconnaisance. Major problem areas would be the development of a satis- 


factory landing technique and the comfort and safety of passengers in 
flight and would probably include the development of capsules dropped by 
paracimte. 7 | a 

e. Recoverable satellites would be the next step beyond our 
present satellite program. RAND studies indicate that recovering ‘these . 
vehicles in predetermined areas by retrofiring rockets is feasible. Ae 
150 s.m. altitude, a relative rearward velocity of 2,000 ft/sec will 


bring the satellite to earth in 2,000 n. niles, The error in range due 


to a f 100 ft/sec error An rearward velocity would amount to a £ 3 

- Bantical miles, The error in timing of the retrofiring rockets could 
account for a £ 50 nem additional, which would mean that the satellite 
could be landed in an area of 100 nm, in length and no more than lO nun, 
in width, Feasibility studies have also been conducted ipvolving the 
recovery of re-entry bodies weighing up to 3,000 W., using a 100 ft 

_ Glameter parachute with double aver fiberglass capable of withstanding 
(1200° F. and test instrument canisters that can withstand up to 700° F, 
Developments from both the satellite programs and — miss o 
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Estimates of Developments from Present Ballistic Missile Progran 
programe would feed into the next logical step, a man-carrying satellite 
or space platforn, Barly development of melear ieee would perme? 
the early development of a man-carrying satellite, 

d. With hardware: presently under developnent ani supporting - 
research, it would be possible new to Revise a vehicle that would. be | 
capable of taking test instruments to the moon. An SM 65B ballistic 
missile could be used plas & new 14,00 lb nose cone which Would inelude 
the -second stage Vanguard. This coubination would have & gross weight 
Of 243,665 lbs. This would be capable of putting a 1,160 1b. mass on a 
free flight trajectory. The k, koo lb. nose cone would be composed of 
the following weights: 

Working Space -Vehiole | | 320 lbs. 


(Instrument and Communications 
Package Tnelnded) 


Lest Expended Booster Stage it” 8L0 * 
Structure 60 
Power Plant and Residyals 530 
Gidance and Control | 250 | 
Usable Fel — 3,240 8 
| h, u0oo Ibs 


The above weights assume destructive impact and instruments that could 
still operate after impact. It is believed that retrofiring rockets 
weighing about 20 lbs. could be used, which would allow instruments to 
be landed at near sero 4. Tn this case, however, the weight of instru- 
nents and ‘communications equipment that could be carried would be only — 
50 Ibs. It is estimated that the guidance accuracy with the advanced 
G2. guidance system would be such as to — within an area of —— 








Estimates of Developments from Present Ballistic Missile — 
Sq. miles which is about 1/80 of the available area, . Additional details 
covering tracking, communications, guidance, control, landing technique, 
meteor encounters » 6tc., can be obtained from RAND Research Menorandun, 
FM-1720, "General Report on the Innar Instrument Carrier (U)®, dated 
May 28, 1956, | | | 
e. As goon as the ‘success of a test instrument carrier is 
assured, then attention wild be focused upon space vehicles for mili- 
tary usages » and then a man-carrying lunar vehicle. Military usages | 
cannot be determined until scientific data has been obtained, but 
advanced communications methods are bound to be among thea. A very 
brief Summary of some of the scientific data that could be obtained by 
landing test instruments on the moon is listed below: 


Sodas | (1) Magnetic field of moon. 
ee — —— 4 (2) Mass of moen by observation of trajectory. 


Qn: ied pains 

f ol Sot —XX — Atmosphere of moon, 
— * — (4) Radio-~propagation characteristics. We would have a 
Cos wes trad, shy 


outs, de 15 — stable source with ‘no reflection from the ionosphere, 


(5) Electrostatic field of the moon, — 


(6) ———— of crustal composition and characteris- 
ties. of the lunar orust, __ — 
(7) Temperature and temperature distribution. — 
(8) Frequency of meteoric impacts. | 
(9) Cosmic ray intensity. 
(10) Lanar vibration rate 
| (12) Innar —— 1 velocity. 
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Estimates of Developments from Present Ballistic Missile Program 


Some of these data are already on hand, in rather a crude fashion, but © 
the information could be refined considérably by landing ene Sruments on 
the moon rather than relying on instruments placed on the earth. The 
junar vibration rate, for example » can be determined mach more accurately | 
by a point source located on the moon, rather than relying on information 
from broad lunar geographical characteristics. 


NOTE: Technical data presented in connection with the lunar test 
instrument carrier and recoverable satellites ‘were obtained 
from the RAND Corporation, 
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ESTIMATE OF WOTURE DEVELOPMENT SCHEDIIES 
(Tab c) | 


| I. In Figure 35 an attempt has been made to estimate development 

schedvles for possible future ballistic missile satellite, and space 
vehicle prograns. Although, the — ballistic missile program will © 
| gradually phase into an initial operational, capability, and there will 
be no sharp end to the development, mid-calendar year 1959 Seems to be 

® fairly realistic termination point. Prior to this, some work on 
improved ballistic missiles will surely start. In fact, as a result of 
the — developuent work, many ideas for improvement have come to 
mind, and it is only the concentration on an early flight vehicle that 
bas prevented improvements fron being instituted, 
2, Sometime Curing this period of improvement on ballistic missiles, 
it is estimated that work Will start on transport missiles for experimen- 
tal mail; air freight, and military logistics purposes. Once we have 
determined that we car land this materiel safely, then ve vil}. ebark 
_ Upon @ transport missile program for pergonnel, This will Without doubt 
be a rather lengthy program, pbessibly longer than a man~carrying lunar 
Vehicle program due to the fact that the latter will only carry test 
engineers and scientific personnel. _ 7 | 

3. The Iqy satellite program as presently visualised is a very 
short development Program imposed by the necessity to get the Satellites 
flying before the end of the International Geophysical Year, Develop- 
ment of the Advanced Heconnaisance System has — extended over a | 
considerable period due to the low priority assigned és the program at 
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Estimate of Future Development — 


present. Before we are very far along on this program, improvements 
wild be apparent and development work will be accomplished on recoverable 
Satellites and other work which when combined with the effort on trans~ : 
pert missiles will develop into a . program to carry man in a satellite 
Or space platform, | 
b. Development work on the lunar test tue trunent carrier could be 
Started now if SM 65B missiles could be made available at an early date. 
Due to the allocation of these early missiles to captive tests and flight 
«tests for checking propulsion, guidance, nose cones, and overall relia- 
| bility, it is anticipated that we will be well into the SM 65 test a = 
progren before any of these vehicles can be diverted for use in the | \. | 
development of a luner test instrument carrier. It is estimated that j 
this will be a comparatively short development program, but that near | 
the end of it a man-carrying vehicle will be designed and builtys the first . 
vehicles to circle the moon and return, later to land on the moon, | + 
The next step beyond this would be the lunar vehiole for military pur- 
poses, early usages would no doubt be for reconnaisance and commnica- | 
tions. The next step beyond this would be vehicles to travel to other j 
Planets from the earth or from Planet to planet, 7 
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The initial effort on this huge complex of engine and aero- | 
dynamic test facilities was started in 19h6. The German EMW was disas- 


-sembled and shipped to the U.S. in 197 where it was. stored at Alameda 
until 1950. The first $30,000,000 was not appropriated until 199, The 


prime purpose of this complex was to provide the Air Force with research 
facilities that would enable them to attain and maintain a position of 
world supremacy in the fields of aerodynamic and propulsion research. 
Today, even though the original concept has been reduced in magnitude, 
this complex is not yet finished due primarily to budget limitations, 
The hypersonic, ho inch tunnel of the Gas Dynamics Facility, for example, 
is not estimated to be completed before 1959, 13 years after the idea 
was taken from the actual German design made during WWII (Kochel M-10). 
These facilities are inadequate for our future space vehicle needs , 
both from the aerodynamic and propulsion standpoints, 
2. High Temperature Structural Test Facility * WADC 

This facility was started several years ago and is to be . 
constructed in three phases. ‘The pilot plant to ebtain design criteria 
and to check operating techniques is in operation now. ‘The interim plant 
will not come into being until '57 or 158, and the full-scale plant, not 
until '59 or '60. The thinking that went into ‘ite’ design was based on 
satisfying the requirements for high temperature —— of Mach 3 
aircraft. It does not have the’ capability for the high rates of heating 
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Rxamples of Delay in Providing Research Facilities 


_ or the high temperatures required for missile design or test. | 

3. AEDC and the High Temperature Test Facility are not being 
constructed even in time to adequately take care of aircraft require- 
ments. The Air Force now spends tens of millions of dollars anmally on 
modification and retrofit programs to correct serodynanic, dynamic, 
structural, and other deficiencies discovered only after the airoraft 
has been put into service. Other millions can be attributed anmally to 


—_ of aircraft and delays in production due to inadequate design infor- _ 


mation. The inevitable loss of life cannot be measured in dollars. It 
should be possible to cut down on this additional cost by spending only 

& small proportion of this amount on a well-rounded and well-integrated 

research and development program designed to contimously replenish the 


fund of design information in order to keep the level of knowledge 
sufficiently high to attain and maintain air technical supremacy. 








Brvums OF APPLIED RESEARCH, RESEARCH FACILITIES 
AND DEVELOPMENT AND TEST FACILITIES 
Tab E 


Following is an outline of areas of applied research and research 

| facilities considered necessary to support ballistic nissile, satellite ‘ 
and space vehicle programs during the next 20 years, An estinate is also 
made of some of the component development work and the deve lopment and 
test facilities that will be required to prove the adequacy of components. 
This ‘information has been compiled from preliminary surveys and estinates 
made by Holnes and Narver, Inc., BAND Corp., Ramo-Woeldridge Corp., 
Western Development Division, ARDC, Wright Air Developaent Senter, and 
others, More enphasis has been placed on the aerothermodynanios area 
than Bias on propulsion, guidance, aeromedicine, -and commni- | 
Cations a8 it is believed that these latter fields are covered in __ 
considerable detail by special ARDO Long Range Planning Committees. 

A mech more detailed and contiming evaluation and review is necessary 
of everything comprising the 20 year program, as indicated in the 
conclusions and recommendations, 
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Optimum Method of Reentry Body acti tude Stabilisation, 
Methods for Recovering Reentry Bodies . 
Methods for Recovering Satellites. 


Improved Data | Recovery Methods (All types of data on reentry body, 
| propulsion, and guidance) 


TV Data System. 
‘Inproved Telenstry Systens. 
Improved High Speed Photographic, Tedntques - Gound and Vehicle Borne. 

| Inproved. Methods for Handling Ae rodynamic Heating - ~ Thorough investiga- 
‘tion of radiation heat absorption, insulation » ablation, transpiration 

Cooling, and film cooling, 

| Microwave Techniques for Megsuring High Speed Tnpaot Velocities. 
Complete Environmental Simulation for ‘Equipment and —— 

| Magnetohydrodynamics Techniques ° | 
Long Range Tracking Systems. 
Advanced Communications Equipment. <« * 

- Radiation Resistant Electronic Components. 
Iniproved: Reaction Controls. _ 
Advanced Counter Countermeasures, | 
Space: ‘Wavigation Devices. ~ — 7 nee Aes th 
Space Instrumentation, 


Braking Rocket Systens - Tied to sppropriate instrumentation for alti-: 
tude, velocity, or acceleration, 


Improved Propellants - ‘Higher Specific Impulse, Solid Propellants. 
Improved Propuleive Systens, Nuclear — ihe Velocity Exhaust, 


IE 
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Sp ecial — of Investigation and —— - Aerothemodynanios W 
Guidance, Control, — “and —— 





Solar berg and other approaches to auxiliary po eS of with 
Standing long operational life and high transient | age. 


Production Techniques (Machining and ——— for various types of 
materials, 


SPACE-MEDTOINE | 

Effect of Coamic Rays on Personne] a 

Crew Survival - ‘safety, contort, pryohelogy, and seciology. 

Natrition a 

Disposal of Sewage 

Air Conditioning 

| Enviromental Simlation for Personnel | 

| These are but & very few of the probleas to be ) Anvest gated in the 
space -medicine area. 
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